Purpose Two case-control studies reported a 50 % decreased breast cancer risk among women who experienced menopausal vasomotor symptoms (VMS), but one cohort study found no association. VMS may be triggered by declining estrogen levels during menopause, whereas elevated estrogen levels have been associated with increased breast cancer risk. VMS may thus be indicative of lower susceptibility to breast cancer. Methods We evaluated this relationship in the longitudinal Study of Women's Health Across the Nation (SWAN), using discrete survival analysis of approximately annual data on VMS and self-reported breast cancer occurrences for up to 13 years of follow-up in 3,098 women who were pre-or early perimenopausal at enrollment. Results Over an average 11.4 years of follow-up, 129 incident breast cancer cases were self-reported, and approximately 50 % of participants experienced VMS. Symptomatic women had a reduced risk of breast cancer compared to non-symptomatic women (adjusted HR 0.63, 95 % CI 0.39, 1.00). The association was stronger in the subgroup of women who fully transitioned to postmenopause during follow-up (n = 67 cases, adjusted HR 0.45, 95 % CI 0.26, 0.77). Conclusion VMS appeared to be a marker of reduced breast cancer risk. Future research is needed to understand the biology underlying this relationship.
Introduction
Two recent case-control studies found an approximate 50 % reduction in breast cancer risk for women who reported any menopausal vasomotor symptoms (VMS), defined as hot flashes and/or night sweats, prior to their diagnosis compared to those who did not [1, 2] . This provocative result was not supported by a recent, large, prospective cohort study [3] , however. Importantly, this recent study assessed VMS at three-year intervals, which was likely insufficient for capturing true VMS occurrence [4] and therefore may have attenuated true associations. A clear inverse relationship between VMS and breast cancer risk could identify an easily measurable factor that may enhance current risk prediction methods. The inconsistent findings from previous studies warrant further prospective investigation of this relationship.
An inverse relationship between VMS and breast cancer risk is plausible, given the common hormonal mechanisms underlying both VMS and breast carcinogenesis. Many identified breast cancer risk factors are associated with an increased lifetime exposure to sex hormones, particularly estrogen, such as early menarche, lower parity, and late age at menopause [5, 6] . Further, use of certain exogenous hormone therapies has been associated with increased breast cancer risk [7] . Although we lack a complete understanding of the etiology of VMS, fluctuations and decline in endogenous sex hormones during the menopausal transition are known to contribute to the onset of VMS [8] [9] [10] . Exogenous hormone therapy is effective in relieving VMS in many women [11] , further suggesting that hormone levels may be important to the management and etiology of VMS.
We prospectively investigated the association between VMS and incident breast cancer in the longitudinal Study of Women's Health Across the Nation (SWAN), a large, racially/ethnically diverse cohort of women who have been followed for up to 13 years across the menopausal transition, and on whom annual demographic and reproductive data are available. We hypothesized that menopausal VMS would be associated with reduced breast cancer risk.
Materials and methods

Study population
The design and recruitment procedure of the SWAN cohort has been described in detail elsewhere [12] . Briefly, the study enrolled women from seven locations during 1996-1997, with some locations oversampling from specific racial/ethnic groups to create a diverse cohort. Women were aged 42-52 years at enrollment and were pre-or early perimenopausal (i.e., bleeding within the last 3 months) at enrollment. Women using hormone therapy or oral contraceptives in the prior 3 months were excluded from enrollment, as were women who were pregnant or breastfeeding or who did not have an intact uterus and at least one ovary. In total, 3,302 women were enrolled and each provided written consent at the location of recruitment. All sites obtained institutional review board approval for the study protocol. Annual follow-up visits are ongoing and include clinical assessments and questionnaires. Data through follow-up visit 13 were available.
The current analyses used data from the full SWAN cohort. We excluded 21 women with a history of breast cancer at enrollment and a further 183 women who did not participate in any follow-up visits beyond the baseline enrollment visit and therefore had no incident breast cancer information. Women who reported that they were pregnant or breastfeeding during the study period were excluded for those specific visits (four women, five study visits). After these exclusions, the study population included 3,098 women who contributed data from 34,905 SWAN visits.
VMS assessment
At the baseline and each follow-up visit, SWAN participants reported the frequency of VMS in the prior 2 weeks via a self-administered questionnaire in the language appropriate to the participant (English, Spanish, Cantonese, or Japanese). Questions related to hot flashes and night sweats were worded as follows: ''Thinking back over the last 2 weeks, how often have you had hot flashes or flushes/ night sweats?'' Response categories were: not at all, 1-5 days, 6-8 days, 9-13 days, and every day. Consistent with previous analyses in the SWAN cohort [13] [14] [15] , women who reported any hot flashes or night sweats (versus not at all) were classified as being symptomatic of VMS at that visit. Women who reported having hot flashes or night sweats on 6 or more days in the last 2 weeks were classified as reporting frequent VMS at that visit [16] , while women who reported having hot flashes or night sweats 1-5 days in the last 2 weeks were classified as having infrequent VMS at that visit.
Breast cancer assessment
SWAN participants self-reported cancer history during the baseline enrollment interview. At each subsequent followup, women were asked whether they had been told that they had breast cancer by a health care provider since their last assessment. Responses were recorded as ''Yes,'' ''No,'' or ''Don't know.'' Interviews were administered by trained personnel in the language appropriate to the participant (English, Spanish, Cantonese, or Japanese). We included self-reported breast cancer cases through July 2014. During follow-up visits 12 and 13, women who had self-reported a breast cancer diagnosis were asked to provide consent for medical record review to adjudicate these cases. A total of 80 women provided consent, among whom 76 breast cancer cases (95 %) were confirmed, while four self-reported cases were indeterminate. Given the high rate of confirmation and the relatively small number of adjudicated cases available, we have performed our primary analyses using all self-reported cases. We also report a sensitivity analysis restricted to adjudicated breast cancer cases among participants included in this analysis (n = 71).
Covariate assessment
Information on covariates was collected during the baseline and SWAN follow-up visits. Demographic and reproductive variables that were modeled using baseline values in the current analysis included: race/ethnicity, education, age at first birth, age at menarche, age at menopause (if observed), alcohol consumption, physical activity, active and passive smoking exposure, dietary fat and fiber intake, and SWAN site. Covariates that were considered timevarying and updated at each follow-up visit included: menopausal status, body mass index (BMI), parity, family history of breast cancer, hormone therapy use, and bilateral oophorectomy and/or hysterectomy.
Menopausal status was classified in accordance with standard SWAN protocol [12] : women who had a menstrual period in the prior three months and had no change in menstrual regularity over the past year were considered premenopausal; women who had a menstrual period in the past three months but reported increased menstrual variability were considered early perimenopausal; women with no menstrual bleeding in the prior 3 months but who reported menstrual bleeding in the 3-11 months before the interview date were considered late perimenopausal; and those with no bleeding in the last 12 months were considered postmenopausal. Early and late perimenopause were collapsed into a single perimenopausal category for these analyses. Women who reported bleeding in the previous 12 months and reported hormone therapy (HT) use in the previous year were classified as unknown menopausal status due to HT use for those visits. Postmenopausal women remained classified as such if HT use was initiated after the final menstrual period. Women reporting a hysterectomy or bilateral oophorectomy were classified as surgical menopause starting at the visit at which the surgery was reported and were groped with postmenopausal women for these analyses.
By study design, women were not taking HT at baseline enrollment. At each follow-up interview, women were asked to report the use of HT or oral contraceptives since their last study visit. When possible, interviewers verified medication from the container label. Lifestyle variables including alcohol consumption, physical activity, smoking, and dietary fat, and fiber intake were assessed in accordance with previous SWAN publications [14, 16, 17] . Total alcohol consumption was categorized as: \1 drink/month, 1 drink/month-\2 drinks/week, 2? drinks/week. Physical activity was assessed using a continuous variable that incorporated the proportion of the year in which activity was performed, a standardized intensity score, and the duration of each bout of activity. Development of the physical activity score has been described in detail in previous SWAN publications [18] . Smoking was categorized as: never smoked/no passive exposure, never smoked/ with passive exposure, former smoker, and current smoker. Baseline dietary fat and fiber intake were assessed using composite variables that reflected total average consumption based on a validated food frequency questionnaire [19] . At each visit a standard protocol was used for measuring height with a stadiometer and weight with a balance beam scale. BMI was computed as weight in kilograms/ (height in meters) 2 and categorized as \25, 25-29.9, and C30 kg/m 2 .
Statistical methods
After omitting study visits that occurred after a breast cancer diagnosis, a total of 31,712 observations from 3,098 participants contributed to the current analyses. Descriptive statistics included means and standard deviations for continuous variables and percentages for categorical variables. We calculated relative risks of breast cancer diagnosis for baseline covariates using discrete survival analysis.
We assessed the longitudinal association between VMS and incident breast cancer risk using discrete survival analyses. This statistical approach is appropriate for data in which the outcome is recorded at discrete time intervals (i.e., SWAN visits), and the actual date of the outcome is unknown [20] . Women could contribute varying numbers of observations, and observations were omitted after the visit at which the event occurred or continued to the end of the study period if no event occurred. As in other survival analysis approaches, the inclusion of each interval in the dataset was conditional on the participant having ''survived'' past the previous intervals. To avoid temporal concerns with breast cancer treatment affecting VMS, we modeled VMS at the index visit as a predictor of selfreported breast cancer at a subsequent visit.
To differentiate between symptomatic and non-symptomatic women, we modeled any VMS at each study visit as VMS reported at that visit or any prior visit. Therefore, a woman was considered symptomatic from the first visit at which she reported any VMS. Frequent VMS was modeled similarly, meaning that a woman was considered symptomatic of frequent VMS from the first visit at which frequent VMS was reported. HT use during the study period was modeled similarly, categorizing women as ever users once HT use was reported. We developed multivariable regression models using a backward selection considering the covariates listed above. Due to the limited number of breast cancer outcomes, we developed a parsimonious model, retaining covariates only if they were significant (p \ 0.05) in the model, or if their exclusion resulted in a change in the hazard ratio for the VMS exposure of 10 % or more. Model building preceded with all eligible participants; for consistency, we report in our tables statistics for only the subsample with complete data utilized in the regression analyses (n = 2,807). Because HT use may act as a confounder or intermediary in the relationship between VMS and breast cancer, we repeated our analysis among women who did not ever use HT during the study period. We assessed effect modification by race/ethnicity, HT use, BMI, and menopausal status.
To assess the effect of VMS on breast cancer risk through the complete menopausal transition, we performed a secondary analysis using multivariable logistic regression of VMS during pre-or perimenopause and postmenopausal breast cancer outcomes. This analysis was restricted to women who fully transitioned to postmenopause during the study period (n = 2,468), including 1,348 who did so without any self-reported HT use and thus were considered to have a ''clean'' transition. Only VMS reported during visits at which the woman was pre-or perimenopausal and only breast cancer diagnoses reported during visits at which the woman was postmenopausal were included in this secondary analysis. Women reporting pre-or perimenopausal breast cancer were censored at the visit before their breast cancer was reported. A parsimonious multivariable logistic regression model was built for this analysis with covariate selection proceeding as described above.
Due to incomplete data collection, information from the New Jersey location was missing for SWAN visits 07, 08, 10, and 11. This affected 345 study participants, including all Hispanic women and one breast cancer case. We thus performed a sensitivity analysis by excluding all women from the New Jersey location and comparing our results to those including these participants.
We repeated all analyses using only the subsample of cases that were confirmed via adjudication. All analyses were performed using SAS version 9.2 (SAS Institute, Cary, North Carolina).
Results
On average, women were approximately 46 years old at enrollment (Table 1) . Over an average of 11.7 years of follow-up, 129 breast cancer cases were self-reported, 108 of which had complete data and were included in the final multivariable regression models. Women who reported a breast cancer diagnosis during follow-up were more likely to be Caucasian (53.7 vs. 48.3 %) and obese (38.9 vs 30.6 %). Overall, any VMS were reported at 51 % of SWAN visits, and the frequency of VMS increased from pre-to peri-and postmenopause (32, 56, 52 % of visits, respectively). More African-American women reported VMS than Caucasian and Hispanic women (63.2 versus 48.8 % of visits, p \ 0.01), while fewer Asian women reported VMS than Caucasian and Hispanic women (40.6 versus 48.8 % of visits, p \ 0.01).
We observed that symptomatic women had a 37 % reduced risk of breast cancer compared to non-symptomatic women (adjusted HR = 0.63, 95 % CI 0.39-1.00) ( Table 2 ). This association was modified by race/ethnicity (p interaction = 0.07). After stratification, we found that the relationship between VMS and breast cancer risk was most strongly negative and statistically significant among Caucasian women (adjusted HR = 0.42, 95 % CI 0.23-0.78) ( Table 2) In the secondary analysis of pre-and perimenopausal VMS and postmenopausal breast cancer (n = 2,003 women, 67 cases), we observed that symptomatic women had a significant 55 % reduction in risk of postmenopausal breast cancer compared to non-symptomatic women (adjusted HR = 0.45, 95 % CI 0.26-0.77) ( Table 3) (Table 3) . Again, associations were consistent when restricting to adjudicated cases, with significant reductions in risk associated with any VMS overall (adjusted HR = 0.45, 95 % CI 0.26-0.77) and among women without use of HT (adjusted HR = 0.50, 95 % CI 0.23, 1.10).
Results of our analysis did not change after exclusion of women from the New Jersey location. We have therefore presented results from the full study population. 
Discussion
Our findings are consistent with two case-control studies that both concluded an approximate 50 % reduction in risk for women who experienced any VMS at any point during the menopausal transition [1, 2] . However, a recent prospective investigation observed no association between VMS and breast cancer risk [3] . This study followed 11,297 women with a mean age of 47.6 years at enrollment for an average of 13.7 years. During follow-up, 34 % reported hot flashes, 26 % reported night sweats, and 348 incident breast cancer cases were recorded. Participants were surveyed at three-year intervals and asked to report VMS in the past 12 months; thus VMS reporting was not captured for two out of every 3 years, and women could contribute a maximum of six observations. It is likely that some short-term VMS were not captured due to the infrequency of the data collection in this study [4] . This may explain why the percentage of women reporting VMS was considerably lower than general estimates of 50-80 % [16, 21, 22] and may have contributed to the observed null findings. In contrast, our study participants provided annual assessments of VMS over the past 2 weeks. Although some VMS may still have been missed, this protocol was more likely to capture VMS at least once during each menopausal stage and allowed for up to 13 observations per woman. We found that the inverse relationship between VMS and breast cancer risk was strongest among Caucasian women and weaker among African-American and Asian women. After stratification, the number of breast cancer cases in each racial/ethnic subgroup available for multivariable analysis was limited (58, 26, and 23 cases for Caucasian, African-American, and Asian, respectively). Thus, low statistical power may have contributed to the attenuated results among African-American and Asian women. However, the association between VMS and breast cancer risk was strengthened among Caucasian women, despite the limited number of cases. Race/ethnicity may influence self-reporting of VMS. African-American women tend to report more frequent [16] and severe symptoms than Caucasian women [23, 24] . In contrast, Asian women have demonstrated less self-reporting of VMS than Caucasian women in some studies [25] . Consistent with these findings and previous analysis of SWAN VMS data [16] , African-American women in our study reported more VMS and Asian women reported fewer VMS than Caucasian women. Our findings suggest a differential effect of VMS on breast cancer risk by race/ethnicity, but it is unclear whether this is due to true physiological differences, a lack of statistical power after stratification, or racial/ethnic variation in the self-reporting of VMS. The association between VMS and breast cancer risk may be related to common hormonal etiologies. VMS are hypothesized to be associated with declining levels of estradiol (E2) and increased follicle stimulating hormone (FSH) during the menopausal transition; a positive relationship between E2 and breast cancer, and inverse relationships between FSH and sex hormone-binding globulin (SHBG) and breast cancer are generally supported in the literature [26] . Additional non-hormonal mechanisms also may link VMS to breast cancer. While VMS have been associated with estrogen fluctuations during the menopausal transition [27] , these alone cannot account for the onset of symptoms. All women experience a decline in estrogen during menopause, but not all women experience VMS. Non-hormonal mechanisms such as changes in skin vasculature and central nervous system regulation have been hypothesized to trigger VMS [10, 28] . It is possible that non-hormonal mechanisms that are important in both the onset of VMS and breast carcinogenesis could explain our results. Future analyses are needed to definitively determine the role of endogenous hormones in mediating the observed relationship between VMS and breast cancer.
Our study was strengthened by the large, prospective, multiracial/ethnic SWAN cohort with annual assessment of demographic, reproductive, and clinical factors over up to 13 years of follow-up. The results of our study must be interpreted within the context of its limitations, however. Both VMS and breast cancer information were selfreported. Previous analyses in the SWAN cohort using our definition of VMS have found significant associations between VMS and lower bone mineral density, insulin resistance, and subclinical cardiovascular disease [13] [14] [15] . Because efforts to adjudicate breast cancer cases began very late in the SWAN follow-up, only 80 of 129 selfreported cases provided consent for medical record retrieval. Among this subgroup, the confirmation rate (95 %) was very high and no self-reported cases were definitively determined to not be breast cancer cases, though four were indeterminate. Self-report of breast cancer also has been shown to be valid in other large epidemiologic studies [29, 30] . However, we cannot rule out the self-reported cases as a possible explanation for differences between our analysis and previous studies, which ascertained cases from cancer registries. We analyzed all self-reported breast cancer cases to improve power, and associations were consistent when restricting to adjudicated cases. The consistency of our findings despite this limited statistical power overall and for racial/ethnic subgroups suggests that the observed association between VMS and breast cancer risk may be robust.
Establishing VMS as a risk marker for incident breast cancer has considerable public health implications. VMS are easily reportable without invasive or expensive procedures. An association between self-reported VMS and breast cancer risk could provide additional insight to clinicians on the individual breast cancer risk of their patients. However, a better understanding of the mechanisms underlying this association is needed before VMS may be suggested as an enhancement to current risk prediction tools. This result strongly justifies the need for future investigations to examine the biological mechanisms linking the onset of VMS to breast cancer etiology. 
